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OF ADRENAL GLAND CORTEX IN ADULT
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From
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ABSTRACT
Introduction: Endocrine disturbances to the thyroid and adrenals
were observed due to acrylamide exposure.
Aim of the work: to detect any alteration in the ultrastructure and
apoptosis in the cortex of adrenal
gland after exposure to acrylamide.
Material & methods: 16 female albino rats were separated into two
groups, group I acting as control and
rats in group II received 10 mg/kg
body weight of acrylamide by oral
gavages for 3 months. The adrenal
glands were removed and processed
for electron microscopy and histological examination. Sections were
stained with Hx&E and Bax and Bcl2 immunohisochemistry.
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Results: In the ACR group, the
rounded or arched clusters of ZG
and the parallel columns of ZF were
less apparent with narrowing of capillaries that may indicate the presence of swelling. By TEM, electron
lucent areas were observed in the
cytoplasm of ZG cells and many mitochondria showed defects. Many
cells of ZF showed cytoplasmic vacuoles of irregular shape and electron
lucent areas in the mitochondria.
The expression of Bax in the cortex
was significantly higher in the ACR
group while the Bcl-2 expression
was significantly decreased in the
acrylamide treated group compared
to the control group. Conclusion: The
cellular and mitochondrial changes
and the increase in the Bax to Bcl-2
expression ratio indicated increase
in the direction of apoptotic pathway
MANSOURA MEDICAL JOURNAL
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in the cortex of adrenal gland due to
exposure to ACR.
Key wards: adrenals, acrylamide,
ultrastructure, apoptosis, Bax, Bcl-2.

INTRODUCTION
Acrylamide (ACR) is an important
industrial chemical with many uses
in its polymeric forms [1]. Although
accidental exposure to ACR can be
significant for some occupations [2],
the principal route of human exposure is through the diet because
ACR is formed during the cooking of
many common starchy foods [3].
Exposure to ACR is a toxicological concern because it is chemically
reactive, particularly with thiol groups
[4], causes peripheral neuropathy in
laboratory animals [5] and humans
[2], germ cell mutations and reproductive disorders in animals [6], and
is carcinogenic in multiple tissues of
chronically exposed rodents [1]. Endocrine disturbances to the thyroid
and adrenals were also observed
due to acrylamide exposure [7,8].
Some histological changes were noticed in the adrenal gland after acrylamide exposure [8]. Although some
studies described ultrastructural
changes induced by ACR on rat tes-

tis [9], human astrocytoma cells [10]
and trophozoites [11], the effect on
adrenal cortex was not described before.
Acrylamide was shown to induce
apoptosis of cerebral cortex neurons
[12], testis [13] and human astrocytoma cells [10]. Apoptosis, a selective
process of physiological cell deletion, is induced by DNA damage or
oxidative stress [13]. Members of the
Bcl-2 family regulate apoptosis via
two classes, anti-apoptotic (Bcl-2,
Bcl-XL and Bcl-w) or pro-apoptotic
(Bax, Bak and Bad) [14]. Imbalance
between the proapoptotic and antiapoptotic stimuli can direct the cell
toward apoptosis.
So the aim of this study is to detect any alteration in the ultrastructure and apoptosis in the adrenal
gland cortex.

MATERIAL & METHODS
Experimental animals:
Sixteen adult female albino rats
weighing 150-180g were used in this
study. They were kept in environmentally controlled room (22±2C˚,
12h light/12h dark cycle) and allowed free access to food and water.
All rats received care in according to
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the rules and regulations of the Medical Research Ethics Committee of
Mansoura Faculty of Medicine.
Experimental Design:
After an acclimatization period of
one week, the rats were randomly
separated into two groups of eight,
with those in group I acting as the
untreated controls and provided with
tap water during the entire period of
the study. Rats in group II received
10 mg/kg body weight of acrylamide
(Sigma, Egypt) dissolved in tab water (1mg/ml) by oral gavages once in
the morning for 3 months. The rats
were isolated from males throughout
the experiment. At the last four days
of experiment, vaginal smears using
cotton bud moistened with saline
were done at 11 o’clock in the morning for oestrous cycle evaluations.
The slides were examined and rats
in the diestrous phase were sacrificed after ether anesthesia by decapitation and the adrenal gland was
immediately removed and the right
gland was processed for histology
and the left for electron microscopy.
Histological processing:
The adrenal gland tissue was
fixed in 10% buffered formalin, embedded in paraffin, cut into 3-5µ thick
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sections and stained with haematoxylin and eosin.
Transmission Electron Microscopy (TEM):
The adrenal gland tissue was cut
into small pieces (approx. 1-mm3
cubes), fixed in 3% glutaraldehyde
(in 0.1M phosphate buffer, pH 7.4) at
4oC for 1 h, washed and fixed in 1%
osmium tetroxide (in phosphate buffer) at room temperature for 1 h. Tissue was then washed in water, dehydrated in graded ethyl alcohol and
embedded in araldite. Ultrathin sections were cut, stained with uranyl
acetate and lead citrate and photographed under a Jeol transmission
electron microscope (JEM-2100, Japan) at the Electron Microscopy Unit,
Mansoura University.
Immunohistochemistry:
Immunohistochemical staining to
determine Bax or Bcl-2 expression
was done according to the manufacturer instructions. Briefly, sections
were deparaffinised in xylene and rehydrated by immersion in descending concentrations of ethanol. Sections were treated with 3% hydrogen
peroxide to block endogenous peroxidases, subjected to routine heat antigen retrieval procedures then incuMANSOURA MEDICAL JOURNAL

Published by Mansoura Medical Journal, 2023

3

Mansoura Medical Journal, Vol. 43 [2023], Iss. 2, Art. 2

158

EFFECT OF CHRONIC LOW DOSE ACRYLAMIDE etc...

bated with a primary antibody raised
against Bax (Abcam, Egypt) or Bcl-2
(Abcam, Egypt) overnight at 4oC. After washing with phosphate buffer
saline (PBS) (PH7.4), the sections
were incubated with secondary antibodies using ABC Detection IHC Kit
(Abcam, Egypt). The cells that displayed brown precipitation were considered to be positive for Bax or Bcl2 expression.
Morphometrical analysis:
The measurements were done on
digital photomicrographs of the immunohistochemically stained sections for Bax and Bcl-2 using the
software ImageJ programme. Twothree random fields per section and
two sections per animal in each
group were used. The colour deconvolution plugin feature of ImageJ
programme was used to calculate
the percentage of the color optical
density.
Statistics:
All values were expressed as
mean ±SEM. Significant differences
between the groups were determined by performing one-way ANOVA followed by student t-test. The
criterion for statistical significance
was set at p<0.05.

RESULTS
Adrenal gland histology:
Control group. The gland was
formed of an outer cortex composed
of three zones; zona glomerulosa
(ZG), zona fasciculata (ZF) and zona
reticularis (ZR) and inner medulla.
The zona glomerulosa was the outermost zone and consisted of cells arranged in rounded or arched clusters. The zona fasciculata was the
middle and thickest zone and was
composed of parallel columns of cuboidal or polyhedral cells, one to two
cells thick, separated by prominent
capillaries. The cytoplasm appeared
foamy due to dissolved intracellular
lipid droplets. The zona reticularis
was made of smaller cells forming a
network of interconnected cords
(Fig. 1A&B).
Acrylamide group. The rounded
or arched clusters of ZG and the parallel columns of ZF were less apparent. There was narrowing of capillaries which may indicate swelling of its
cells (Fig. 2A&B).
Adrenal gland ultrastructure:
Control group. The cells of ZG
had round or oval euchromatic nuclei
with some heterochromatin especially close to the nuclear membrane
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and prominant nucleoli. The cytoplasm contained numerous mitochondria, dark lipid droplets and
some lysosomes (Fig. 3). The cells
of ZF had large euchromatic nuclei
with prominent nucleolei. The mitochondria were more numerous than
ZG while the lipid droplets were
smaller. Lumina of numerous capillary vessels were visible in both
zones (Fig. 5).
Acrylamide group. The nuclei of
ZG contained more condensed
chromatin compared to control. Electron lucent areas were observed in
the cytoplasm and many mitochondria showed defects (Fig. 4). Vacuoles of irregular shape appeared in
the cytoplasm of many cells of ZF.
Electron lucent areas were also observed in the mitochondria. Lumina
of the capillary vessels were narrower in the ZF (Fig. 6).

Immunohistochemistry:
Bax

immunohistochemistry.

Weak or moderate
observed
of

the

in many

reaction was
cells

of

ZF

control adrenals with only

few cells showed strong reactivity
in their cytoplasm. In

the

ACR

group, there was increase in the
reactivity and many cells showed
moderate or strong stain
(Fig.
7A&B). The expression of bax was
significantly

higher in

the ACR

group as detected by optical

densi-

ty (Fig. 8).
Bcl-2 immunohistochemistry. The
cells of the ZG showed more reaction for the prosurvival protein Bcl-2
than the ZF (Fig. 9). The reaction in
the

cortex

was

significantly

de-

creased in the acrylamide treated
group than the control group (Fig.
10).
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Fig. 1. (A) A photomicrograph of an adrenal gland section from an adult female albino
rat of the control group showing the three zones of the cortex (zona glomerulosa, ZG, zona fasciculata, ZF, and zona reticularis, ZR) and medulla (M).
(B) A higher magnification viewing ZG that consisted of cells arranged in
rounded or arched clusters. The ZF was the thickest zone and was composed of parallel columns of secretory cells with foamy cytoplasm (intracellular lipid droplets) separated by prominent capillaries (arrows).
Hx&E; A x40, B x100
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Fig. 2. (A) A photomicrograph of an adrenal gland section from an adult female albino
rat of the acrylamide treated group showing its different layers. (B) The
rounded or arched clusters of zona glomerulosa (ZG) and the parallel columns of zona fasciculate (ZF) are less apparent and separated by narrower
capillaries (arrow).
Hx&E; A x 40, B x 100
MANSOURA MEDICAL JOURNAL
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Fig. 3. An electron photomicrograph of the zona glomerulosa of the control group showing cells with round or oval euchromatic nuclei (N). Dark lipid droplets (L) and
numerous mitochondria (arrow heads) are seen in the cytoplasm.

Fig. 4. An electron photomicrograph of the zona glomerulosa of the acrylamide-treated
group showing cells with round or oval nuclei (N) but with more condensed chromatin compared to control. Dark lipid droplets (L) are seen. Electron lucent areas are
observed in the cytoplasm (arrows) and vacuolated mitochondria (arrow heads) are
present.
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Fig. 5. An electron photomicrograph of the zona fasiculata of the control group showing large
euchromatic nuclei (N). The mitochondria (M) are more numerous while the lipid droplets
(L) are smaller than those in zona gromerulosa. A lumen of capillary vessel (c) is visible.

Fig. 6. An electron photomicrograph of the zona fasiculata of the acrylamide-treated group
showing vacuoles (arrows) in the cytoplasm and in the mitochondria (arrow heads).
MANSOURA MEDICAL JOURNAL
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Fig. 7. Photomicrographs of adrenal sections from control (A) and acrylamide (B)
groups. Weak or moderate (arrow head) expression of Bax was observed in
many cells of ZF of the control adrenals with only few cells showed strong
reactivity (arrow) in their cytoplasm. In the ACR group, there was increase
in the reactivity and many cells showed moderate (arrow head) or strong
(arrow) stain.
Bax immunohistochemistry; x100
Vol. 43, No. 1 & 2 Jan. & April, 2014

https://mmj.mans.edu.eg/home/vol43/iss2/2
DOI: 10.21608/mjmu.2014.124754

10

Erfan and El-Shahat: EFFECT OF CHRONIC LOW DOSE ACRYLAMIDE ON THE ULTRASTRUCTURE AND A

Omnia S. Erfan and Mona A. El-Shahat et al...

165

Fig. 8. A histogram showing the mean optical density of Bax expression in both ZG
and ZF. Bax expression was significantly higher (*) in the ACR group as compared to control, P<0.05
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Fig. 9. Photomicrographs of adrenal sections from control (A) and acrylamide (B)
groups. The reaction (arrows) of the prosurvival protein Bcl-2 in the cortex
was significantly decreased in the acrylamide treated group than the control
group.
Bcl-2 immunohistochemistry; x100
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Fig. 10. A histogram showing the mean optical density of Bcl-2 expression in both
ZG and ZF. Bcl-2 expression was significantly lower (*) in the ACR group
as compared to control, P<0.05
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DISCUSSION
The adrenal gland is the most
commonly associated with chemically induced lesions among the endocrine organs [15]. Previous works indicated that the adrenal gland could
be affected by acrylamide (ACR) exposure. A significant decrease in
serum corticosterone level [16,8] and
histological changes in the form of
cytoplasmic vacuolation of adrenal
zona fasciculata were observed after
8weeks of ACR treatment [8]. However, in the present study vacuolation was not visible in the histological
sections but obvious reduction in the
capillary size was seen in the zona
fasciculata which may indicate swelling of its cells. Although some studies described ultrastructural changes
induced by ACR on rat testis [9], human astrocytoma cells [10] and trophozoites [11], the effect on adrenal
cortex ultrastructure was not described before. In this study, oral administration of ACR in a moderately
low dose for 3 months resulted in
more condensation of heterochromatin in the nuclei of both zona glomerulosa and fasciculata compared to
control. The cytoplasm showed electron lucent areas especially in the
ZF, fragmentation of endoplasmic reticulum and vacuolation of the mito-

chondria. Chen et al. [10] also observed mitochondrial changes in human astrocytoma cells in the form of
marked vesicular matrix compartmentalization. Mitochondrial damage
can result from oxidative stress
which was observed to increase after ACR exposure [16,17,18]. ACR
forms adducts with sulfhydryl groups
on proteins with the major site of reaction is cysteine residue [4]. The
sulfhydryl functional group of cysteine has a crucial role in protecting
the cell from oxidative damage [19].
The adrenal gland is subjected to
balanced dynamic structural changes including cellular proliferation and
death to ensure integrity and functionality of the adrenal gland [20].
Apoptosis is a natural cell elimination
process, important during tissue
turnover [21] characterized by activation of caspases and execution of
cell death. Members of the Bcl-2
family proteins direct the fate of a
cell towards either survival or death
by the opposing action of the antiapoptotic (Bcl-2, Bcl-XL and Bcl-w)
or pro-apoptotic proteins (Bax, Bak
and Bad) [14]. In the mitochondrial
pathway of apoptosis, the cytosolic
harmless monomer Bax becomes
changed into deadly oligomer that
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translocates to mitochondria upon
exposure to various cytotoxic agents
[22,23]. This results in permeabilization of the mitochondrial outer membrane and release of proapoptotic
factors such as cytochrome c to the
cytoplasm that initiates a proteolytic
cascade [23]. Members of the antiapoptotic family, Bcl-2 and Bcl-xL,
can inhibit or delay this release thus
significantly prevent cell death [24].
In the present study, the expression
of Bax was significantly higher in the
ACR group as detected by optical
density. This was accompanied with
a significant reduction in Bcl-2 expression indicating increase in the direction of apoptotic pathway. In the
cerebral cortex of rats exposed to
ACR, similar effects were also observed by [12].
Conclusion: Acrylamide induced
damage to the adrenal gland cortex
probably through increasing oxidative stress that targets the mitochondria as shown from the electron microscopic
changes
and
the
expression of Bax and Bcl-2.
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ا ﻠﺨــﺺ اﻟﻌﺮﺑــﻰ
اﻟﺘﺄﺛﻴﺮ ا ﺰﻣﻦ ﳉﺮﻋﺔ ﻣﻨﺨﻔﻀﺔ ﻣﻦ اﻷﻛﺮﻳﻼﻣﺎﻳﺪ ﻋﻠﻰ اﻟﺘﺮﻛﻴﺐ
اﻟﺪﻗﻴﻖ وا ﻮت ا ﺒﺮﻣﺞ ﻓﻰ ﻗﺸﺮة اﻟﻐﺪة اﻟﻜﻈﺮﻳﺔ ﻓﻰ
إﻧﺎث اﳉﺮذان اﻟﺒﻴﻀﺎء اﻟﺒﺎﻟﻐﺔ
أﻣﻨﻴﺔ ﻋﺮﻓﺎن و ﻣﻨﻰ اﻟﺸﺤﺎت
ﻗﺴﻢ اﻟﺘﺸﺮﻳﺢ ﻛﻠﻴﺔ اﻟﻄﺐ ﺟﺎﻣﻌﺔ ا ﻨﺼﻮرة
ا ﻘﺪﻣﻪ :ﻟﻘﺪ ﻟﻮﺣﻆ وﺟﻮد اﺿﻄﺮاب ﻓﻰ ﻧـﺸﺎط اﻟﻐﺪد اﻟﺼﻤﺎء ﻣﺜﻞ اﻟـﻐﺪه اﻟﺪرﻗﻴﻪ واﻟﻜﻈﺮﻳﻪ ﺑﻌﺪ
اﻟﺘﻌﺮض ﻟﻸﻛﺮﻳﻼﻣﺎﻳﺪ.
اﻟـﻐـﺮض ﻣﻦ اﻟـﺒﺤﺚ  :اﻛـﺘﺸـﺎف أى ﺗـﻐـﻴـﺮات ﻓﻰ اﻟﺘـﺮﻛـﻴﺐ اﻟـﺪﻗـﻴﻖ وا ـﻮت ا ﺒـﺮﻣﺞ ﻓﻰ ﻗـﺸـﺮة اﻟـﻐﺪة
اﻟﻜﻈﺮﻳﺔ ﻧﺘﻴﺠﺔ اﻟﺘﻌﺮض ﻟﻸﻛﺮﻳﻼﻣﺎﻳﺪ.
ا ﻮاد واﻟﻄﺮق ا ﺴﺘﺨﺪﻣﻪ  :ﻟﻘﺪ

اﺳﺘﺨﺪام  ١٦أﻧﺜﻰ ﻓﺄر أﺑﻴﺾ ﻓﻲ ﻫﺬه اﻟﺘـﺠﺮﺑﻪ

ﺗﻘﺴﻴﻤﻬﻢ

اﻟﻰ ﻣـﺠﻤﻮﻋـﻴﺘـ اﻻوﻟﻰ ﻗﻴﺎﺳـﻴﻪ و اﻟﺜـﺎﻧﻴﻪ أﺧﺬت اﻷﻛـﺮﻳﻼﻣﺎﻳﺪ ﺑـﺠﺮﻋـﺔ  ١٠ﻣﺞ/ﻛﺠﻢ ﻣﻦ وزن اﳉﺴﻢ
ﻋﻦ ﻃﺮﻳﻖ اﻟﻔﻢ ـﺪة  ٣ﺷﻬﻮر .و اﺳﺘﺌﺼـﺎل اﻟﻐﺪد اﻟﻜﻈـﺮﻳﻪ وﻣﻌﺎﳉﺘﻬﺎ ﻟـﻠﻤﻴﻜﺮوﺳـﻜﻮب اﻹﻟﻴﻜﺘﺮوﻧﻰ
واﻟـﻔـﺤﺺ اﻟﻬـﻴـﺴﺘـﻮﻟـﻮﺟﻰ .وﺗﻤﺖ ﺻـﺒـﺎﻏﺔ اﻟـﺸﺮاﺋﺢ ﺑـﺎﻟـﻬﻴـﻤـﺎﺗﻮﻛـﺴـﻠ واﻹﻳـﻮﺳ واﻟـﺼـﺒﻐـﺔ ا ـﻨﺎﻋـﻴﺔ
اﻟﻬﻴﺴﺘﻮﻛﻴﻤﻴﺎﺋﻴﺔ ﺑﺎﻛﺲ و ﺑﻰ ﺳﻰ ال ﺗﻮ.
اﻟـﻨـﺘـﺎﺋﺞ  :ﻓﻰ ﻣـﺠـﻤـﻮﻋــﺔ اﻷﻛـﺮﻳﻼﻣـﺎﻳـﺪ ﻟـﻮﺣﻆ ﻋـﺪم وﺿــﻮح اﻟـﺘـﺠـﻤـﻌـﺎت اﻟـﻘــﻮﺳـﻴـﺔ ﻓﻰ ا ـﻨـﻄـﻘـﺔ
اﳊـﺒﻴـﺒـﻴﺔ واﻋـﻤـﺪة ا ﺘـﻮازﻳـﺔ ﻣﻦ اﳋﻼﻳـﺎ ﻓﻰ ا ﻨـﻄـﻘﺔ اﳊـﺰﻣـﻴﺔ ﻛـﻤـﺎ وﺟـﺪ ﺿﻴﻖ ﻓﻰ اﻻوﻋـﻴﻪ اﻟـﺪﻣﻮﻳﻪ
وﻫـﺬا ﻗﺪ ﻳﺸـﻴﺮ اﻟﻰ وﺟﻮد ﺗـﻮرم ﻓﻰ اﳋﻼﻳﺎ .ﺑﺎ ـﻴﻜـﺮوﺳﻜﻮب اﻻﻟـﻜﺘﺮوﻧﻰ وﺟـﺪت ﻓﺮاﻏﺎت ﻓﻰ ﺳـﻴﺘﻮﺑﻼزم
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اﳋﻼﻳﺎ ﻓﻰ ﻣﻨﻄﻘﺔ ا ﻨﻄﻘـﺔ اﳊﺒﻴﺒﻴﺔ وﻓﺮاﻏﺎت ﻓﻰ ﻛﺜﻴﺮ ﻣﻦ ا ﻴـﺘﻮﻛﻮﻧﺪرﻳﺎ .وﻛﺜﻴﺮ ﻣﻦ ﺧﻼﻳﺎ ا ﻨﻄﻘﺔ
اﳊـﺰﻣ ـﻴــﺔ ﻛــﺎن ﻳـﻮﺟــﺪ ﺑ ـﻬـﺎ ﻓــﺮاﻏــﺎت ﻏ ـﻴـﺮ ﻣ ـﻨ ـﺘ ـﻈـﻤﻪ اﻟ ـﺸــﻜﻞ ﻓﻰ اﻟ ـﺴ ـﻴـﺘــﻮﺑﻼزم وأﺟــﺰاء ﺧــﺎﻟ ـﻴـﺔ ﻓﻰ
ا ـﻴﺘـﻮﻛـﻮﻧـﺪرﻳﺎ , .أﻇـﻬـﺮت اﻟﺼـﺒـﻐـﺎت ا ﻨـﺎﻋـﻴﺔ زﻳـﺎدة ﻓﻰ اﻟـﺒـﺎﻛﺲ ﻓﻰ ﻣـﺠﻤـﻮﻋـﺔ اﻻﻛـﺮﻳﻼﻣﺎﻳـﺪ ﺑـﺎ ـﻘﺎرﻧﻪ
ﺑـﺎﺠﻤﻟـﻤـﻮﻋـﺔ اﻟـﻘـﻴﺎﺳـﻴﻪ وﻛـﺎﻧﺖ ﺻـﺒـﻐـﺔ اﻟـﺒﻰ ﺳﻰ ال ﺗـﻮ اﻗﻞ ﻓﻰ ﻣـﺠـﻤﻮﻋـﺔ اﻻﻛـﺮﻳﻼﻣـﺎﻳـﺪ ﻋﻦ اﺠﻤﻟـﻤـﻮﻋﺔ
اﻟﻘﻴﺎﺳﻴﻪ.
اﻻﺳﺘﻨﺘﺎج  :اﻟﺘﻐﻴﺮات اﻟﺘﻰ ﻟـﻮﺣﻈﺖ ﻓﻰ اﳋﻼﻳﺎ وا ﻴﺘﻮﻛﻮﻧﺪرﻳـﺎ ﻣﻊ اﻟﺰﻳﺎدة ﻓﻰ ﻧﺴﺒﺔ اﻟﺒﺎﻛﺲ اﻟﻰ
اﻟﺒﻰ ﺳـﻰ إل ﺗﻮ ﺗـﺸﻴـﺮ إﻟﻰ زﻳـﺎدة ﻓﻰ اﻹﲡﺎه ا ـﻮت ا ﺒـﺮﻣﺞ ﻟـﻠﺨﻼﻳـﺎ ﻓﻰ ﻗـﺸﺮة اﻟـﻐﺪة اﻟـﻜﻈـﺮﻳﻪ ﻧـﺘﻴـﺠﺔ
ﻟﻠﺘﻌﺮض ﻟﻸﻛﺮﻳﻼﻣﺎﻳﺪ.
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